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Abstract:  The  more  complete  the  picture  became  of  the  atmospheric  circulation  up  to  ap¬ 
proximately  100000  ft.  the  greater  was  the  desire  to  obtain  data  from  higher  levels.  This 
desire  became  an  urgent  requirement  after  Scherhag's  detection  of  the  so-called  explosive 
warming  which  seemed  to  start  from  levels  higher  than  those  attainable  by  balloons  and 
to  propagate  downwards. 

In  order  to  obtain  synoptic  data  from  these  higher  levels,  the  balloon  had  to  be  replaced 
by  small  inexpensive  rockets  as  instrument  carriers.  While  these  small  meteorological 
rockets  for  operational  use  were  being  developed,  representatives  of  various  agencies 
within  the  United  States,  interested  in  upper  air  meteorological  research,  agreed  to  sup¬ 
port  and  operate  a  synoptic  meteorological  rocket  network.  This  network,  which  started 
with  three  stations  in  the  fall  of  1951),  now  consists  of  11  stations  which  more  or  less 
regularly  conduct  synoptic  rocket  soundings  to  acquire  wind  and  temperature  data  up  to 
approximately  (10  km.  ARCAS  and  LOKI  rockets  are  employed  as  sounding  vehicles. 
During  the  first  year  of  operation  daily  flights  were  carried  out  during  the  mid  month  of 
each  season.  Since  the  Spring  of  19(11,  three  flights  per  week  throughout  the  year  are 
scheduled. 

I’arallel  with  these  routine  ascents,  theoretical  and  lield  experiments  are  conducted  to 
improve  the  sounding  system  and  to  determine  more  accurately  the  errors  of  the  various 
meteorological  sensors.  As  a  result  of  these  synoptic  meteorological  rocket  firings,  it 
was  possible  to  draw  contour  and  wind  maps  for  the  United  States  and  Canada  for  levels 
between  30  to  60  km.  Plans  are  being  made  to  extend  the  synoptic  investigation  to  the 
level  between  60  km  to  at  least  100  km  on  atmospheric  strata  which,  as  pilot  experiments 
have  indicated,  is  very  active  dynamically. 

PeaioMe:  Mem  flenee  cranoBHAacb  KapTnim  aTMoe<i>epnoii  UHpKyAJimm,  ao 
nbicoTbi  npHCAH3HTeAbH0  100.000  <|>yroB,  tom  ciiAbnee  iioapacTUAO  weAaiwe 
noJiyiHTb  Actiiiibie  c  CoAee  bmcokhx  ypoBiiefl.  3to  we/mime  nepepocAo  n 
iieoCxoflHMocTb  nocAe  Toro,  Kan  HJexapr  oCHapyjKHA  uoiibimemie  reMnepa- 
•rypbi,  KOTopoe  immniaAocb  na  nucoTax,  iicaocthjkiimux  a  ah  mupouaoiiAOB, 
ii  pacnpocTpanHJiocb  biiiib.  JIaii  Toro  »ito6i>i  no-iymiri.  CHiiormpiecKim 
Aamibie  c  bthx  bmcokhx  ypoBiieil,  limpbi  30ham  hcoOxoaiimo  Gmao  3aMeHHTb 
HeOoAbiuiiMH  HeAoporHMii  paKeTaMii,  itoropbie  motah  Cm  CAyjwiTb  nocHTeA- 
n mh  annapaTypbi.  13  to  npeMH,  KorAa  co3Aaim;mcb  Tintiie  MeTeopoAonmecKHe 
paiteTM,  npeACTaBHTeAH  pa3AHMiu.ix  uroiicTU  CoeAHiicmibix  UlTaroB,  3aini- 
TepecoBaiiiiue  b  MeTeopoAonmecKOM  iiccACAOHanini  nepxneii  aTMOCijiepu, 
coivmciiAHCb  noAAepjKHBaTb  h  oocJiyjKimaTi.  ceTb  cmioirrimecKHX  CTaimwii 
no  oanycuy  MCTeopoAoriiMecKiix  paiteT.  3tu  ceTb,  ltoTopan  uaMaAa  cnoe 
cyinecTuonuiiite,  ocenbio  1959  roAa  c  Tpex  CTaiimiii,  coctoiit  Tenepb  H3  11 
rrannHii,  upoiioAMUHX  GoAee  iiaii  Mciiee  peryAiipiibie  3anycKii  MCTeopoAO- 
rii'iocKHx  palter,  h  ncAyuaer  Aamibie  o  BeTpe  n  TCMnepaType  npHCAiiaii- 
roAbiio  ao  00  km.  IIcno.ii.ayiOTcn  paKeri.i  APKAU  h  .TIOKU.  H  nepni.iii  roA 
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paGori.1  b  cpcAiieM  Mecsme  kIukaoi'o  ceaona  npoBOjui.incb  e/KHAHt'inibie  3anyc- 
kh.  Hamutan  c  neciibi  19G1  r.  nporpaMMa  n peay c m aTp h b n <?t  Tpn  aanycitu 
»  neaeAio  b  Teuemie  Bccro  poau.  IvpoMe  3tiix  nporpaMMuux  3auycKou  aaji 
ycoBepuicncTBOBamiA  CHcreMW  30HAHponniniH  h  GoAee  To»moro  onpeAeAeunji 
ouihGok  pa3AHMHbix  MeTeopoAonmecKHX  npH6opoB  npoBOA«rcji  aanycKH 
P&kgt  a.ih  o6ecne«jeHnn  TeopcTHvecKHX  11  Apymx  3KcnepHMeHTa.Tbin.ix  3aAaT. 
B  pe3yAbTaTe  aanycKon  MeTeopoAorimecKHX  paiteT  nonmi/mci,  bo3mo>k- 
iioctii  coaAAimn  KOiiTypiibix  Kupr  11  wnpr  nerpoB  una  CILIA  n  KmtuAoll  a.ui 
itiiif.’ivr  nr  30  no  00  km,  Mumo'ioiii.!  ii.thiii.i  pucmiipomm  ckiioiitiiuockiix  iioc.to- 
Aoimiiiiii,  no  Kpnlliicll  Mopo;  ao  biiIcotm  100  km,  t.c.  tox  c.’ioeu  imioiM|H*piii, 
KOTopwft  oG.inAaJOT  omoim>  ijmcokoH  AHiinMtuiecKoll  nKTiinnncThio, 


1.  Introduction 

The  exploration  of  the  upper  atmosphere  with  rockets  in  the  United 
States  regarding  meteorological  parameters  started  after  World  War  II.  At 
first,  captured  German  V-2’s  were  used  for  this  purpose,  and  later  American- 
built  rockets  like  the  Viking  and  the  "workhorse”  Aerobee.  These  firings 


TEMPERATURE  *C 

I.  Comparison  between  the  ok!  NACA  standard  atmosphere  and  rocket  data  obtained 
by  the  rockct-tfrcnade  experiment  at  the  White  Sands  Missile  Rani'e. 


were  carried  out  at  the  White  Sands  Missile  Range,  measuring  temperature, 
pressure,  density,  and  wind  composition  up  to  approximately  100  km.  The 
results  of  these  firings  demonstrated  the  great  importance  of  such  direct 
measurements  of  the  meteorological  parameters  at  the  altitudes  which  cannot 
be  reached  by  balloons.  As  can  be  seen  in  fig.  1 ,  the  actual  mesopcak  tern- 


Fig.  8.  Areas  rocket  ready  for  insertion  into  the  launcher,  which  for  this  purpose  is  in  the 

horizontal  position. 


Fig.  10.  Head  thermistor  for  use  in  rocketsondes  compared  with  human  hair  seen 

above  the  Ix’ad. 


nmma  rockotsondo  for  the  Areas  rocket. 


rig.  III.  Robin  balloon  as  developed  under  contract  by  the  Air  Korce  Cambridge  Research 

La  bora  ton  . 


METEOROLOGICAL  ROCKET  NETWORK  ACTIVITIES 


17 


[I] 

perature  at  30°  latitude,  for  example,  is  in  the  vicinity  of  0°  C  and  not  around 
70°  C  as  indicated  by  the  NACA  Standard  Atmosphere,  which  was  estab¬ 
lished  from  indirect  measurements  and  which,  until  1951,  was  used  by  rocket 
and  missile  designers  as  standard.  While  subsequent  measurements  at 


TEMPERATURE  CK) 


Vjg.  2.  Summer  and  approximate  mean  winter  temperatures  over  Fort  Churchill,  Canada, 
as  determined  by  the  rocket-grenade  experiment  according  to  Stroud,  el  al. 

White  Sands  Missile  Range  confirmed  these  results,  it  seemed  to  be  very 
desirable  to  find  out  whether  or  not  the  same  results  would  be  obtained  in 
more  northern  latitudes.  The  IGY  offered  an  excellent  opportunity  to  carry 
out  such  measurements  at  Fort  Churchill,  Canada.  The  results  of  these  meas¬ 
urements  yielded  another  surprise;  namely,  that  the  temperatures  in  winter 
between  70 and  90  km  are  much  warmer  than  in  summer  (fig.  2).  The  average 
difference  reached  a  maximum  of  00  to  70°  C  according  to  the  data  collected 
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by  Stroud  ct  <i/.[l].  Dr.  Nordberg,  in  a  subsequent  paper  in  this  symposium, 
discusses  more  extensively  these  conditions  above  60  km. 

The  IGY  rocket  series  also  indicated  that  in  the  regions  above  the  reach  of 
balloons  the  atmospheric  circulation  is  not  always  westerly  in  winter  and 
easterly  in  summer,  but  that  these  predominant  wind  regimes  may,  from 
time  to  time,  be  severely  disturbed.  These  firings  indicated,  furthermore,  that 
the  very  interesting  explosive  warmings  in  the  upper  stratosphere  and  lower 
mesosphere  which  has  been  discovered  by  Scherhag  [2]  in  1952,  using  bal¬ 
loons,  occurred  also  at  higher  altitudes. 

It  was  clear  that,  in  order  to  explain  these  extremely  interesting  phen¬ 
omena,  the  sporadic  rocket  ascents  that  had  been  carried  out  up  to  that  time 
must  be  replaced  by  systematic  synoptic  rocket  measurements  at  various 
locations.  With  this  in  mind,  meteorologists  of  the  United  States  interested 
in  upper-air  meteorological  research  met  and  decided  to  create  a  meteoro¬ 
logical  rocket  network. 


2.  Organization  of  the  Meteorological  Rocket  Network 

All  agencies  which  were  approached  to  lend  support  to  this  undertaking 
responded  enthusiastically.  In  order  to  cover  all  research  and  operational 
aspects  in  this  endeavor,  close  cooperation  and  coordination  of  all  concerned 
were  necessary.  Participating  in  the  formation  of  the  Meteorological  Rocket 
Network  were:  the  US  Air  Force,  Army,  Navy,  National  Aeronautics  and 
Space  Administration,  the  Weather  Bureau,  Rand  Corporation,  and  Sandia 
Corporation.  Th°  cordination  was  established  by  the  creation  of  two  groups 
(fig.  3):  the  Joint  Scientific  Advisory  Group  (JSAG)  of  the  Meteorological 
Rocket  Network  and  the  newly  formed  Meteorological  Rocket  Network 
Committee  of  the  already  existing  Meteorological  Working  Group  of  the 
Inter  Range  Instrumentation  Group  (MRNC-MWG-IRIG). 

The  members  of  the  first  group  are  scientists  engaged  in  upper-air  meteoro¬ 
logical  research  and  in  development  of  rocket  instrumentation  for  upper-air 
research.  The  task  of  this  group  consists  of  designing  experiments  related  to 
the  network  activities,  performing  error  analysis  of  the  various  sensors,  and 
analyzing  the  resulting  data.  It  had  also  an  advisory  function,  i.c.,  advising 
the  second  group,  which  consists  of  the  meteorologists  of  the  various  proving 
grounds  participating  in  the  Meteorological  Rocket  Network.  This  second 
group  is  responsible  for  the  operation  of  the  network.  It  is  the  focal  point  for 
the  transfer  of  information  relative  to  the  efficiency  of  the  meteorological 
rockets  and  their  procurement,  as  well  as  the  formation  of  firing  schedules, 
deployment  of  equipment,  and  initial  dissemination  of  the  data.  The  group 
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U.S.  SYNOPTIC  METEOROLOGICAL  ROCKET  NETWORK 


Fiji.  H.  Organization  of  the  Joint  (IS  Meteorological  Rocket  Network. 


lias  done  an  outstanding  service  to  all  upper-air  meteorologists.  Tliis  is  par¬ 
ticularly  noteworthy  since  all  these  functions  are  carried  out  on  a  voluntary 
basis  in  a  cooperative  fashion. 

Since  the  rocket  ascents  had  to  be  carried  out  at  rocket  proving  grounds, 
the  stations  indicated  in  fig.  4  were  chosen  as  firing  sites.  A  few  firings  have 
also  been  made  at  Eniwetok,  Marshall  Islands,  and  Hawaiian  Islands. 

Originally,  daily  firings  during  the  midmonth  of  each  season  were  sched¬ 
uled.  It  was  furthermore  planned  to  carry  out  about  six  daily  firings  on  a 
few  days  at  stations  like  White  Sands  Missile  Range  and  Tonopah  which, 
because  of  the  high  elevation,  would  guarantee  firings  to  at  least  SO  km  for 
the  investigation  of  tidal  winds.  Finally,  it  was  intended  to  carry  out  several 
firings  per  day  if  interesting  weather  situations  like  the  explosive  warmings 
should  occur. 

After  about  1-J  years  of  operation,  the  data  collected  suggested  that  it 
would  be  more  advisable  to  make  rocket  ascents  two  or  three  times  a  week 
throughout  the  year  rather  than  daily  firings  in  the  midmonth  of  each  season. 
Accordingly,  the  schedule  was  changed.  While  all  stations  in  fig.  I  plus  the 
three  stations  in  the  Pacific  Ocean  participated  in  the  synoptic  network 
firings,  it  was  often  impossible  to  have  simultaneous  firings  at  all  stations. 
This  is  understandable,  considering  the  difficulties  which  occur  in  coordina¬ 
ting  these  firings  with  the  various  range  facilities,  plus  the  fact  that  the 
rockets  as  well  as  the  instrumentation  are  still  in  a  research  and  development 
status. 
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3.  Instrumentation 

It  is  evident  that  the  idea  of  a  synoptic  rocket  network  as  envisioned 
above  could  be  realized  only  if  much  smaller  rockets  than  V-2’s  and  Aerobees 
could  be  made  available.  As  seen  in  fig.  5,  the  research  rocket  development 
came  a  long  way  before  it  arrived  at  the  Loki  and  Areas  rockets,  which  were 
used  in  the  Meteorological  Rocket  Network.  Both  rockets  reach  altitudes  in 
excess  of  60  km,  if  fired  from  sea  level  at  an  angle  of  85  degrees.  The  Loki 
(fig.  6),  with  booster  and  dart,  weighs  29  pounds  and  is  about  1.8  m  tall. 


28.000  LIS.  14  800  LBS.  1600  LBS.  1700  LBS.  350  LBS.  75  LBS.  30  LBS. 


-  $400  000  $50,000  $10  000  $4000  $1500  $1000 

Fig.  !>.  Some  of  the  upper-atmosphere  research  rockets  used  in  the  1'nited  States  since  I!I4<>. 

The  dart  has  an  inner  diameter  of  about  3  cm,  and  the  length  of  the  payload 
contained  is  approximately  50  cm.  For  the  network  firings  it  was  filled  with 
l  to  2  pounds  of  metalized  nylon  chaff  having  a  diameter  between  0.2  and 
0.5  mm,  which  was  ejected  at  the  top  of  the  rocket  trajectory  and  tracked  by 
radar.  Theoretical  computations  by  Barr  [3]  indicate  that  0.3-mm  nylon 
chaff  tracks  the  wind  practically  instantaneously  below  60  km,  and  no 
correction  to  the  wind  as  measured  by  the  radar  needs  be  made  if  one  is 
satisfied  with  a  wind  speed  error  of  less  than  5  mi/h.  An  automatic  track  of 
the  chaff  trajectory  from  about  61  km  to  28  km  is  seen  in  fig.  7.  The  Loki  II 
booster  accelerates  very  rapidly  and  the  rocket  is  therefore  largely  insensitive 
to  low-level  winds.  The  Loki  II  has  been  fired  in  winds  in  excess  of  50  mi/h. 

Insensitivity  to  low-level  winds  is  unfortunately  not  so  in  the  case  of  the 
Areas  rocket  (fig.  8),  which  was  and  still  is  the  workhorse  with  respect  to  the 
meteorological  rocket  network  firings.  The  Areas  is  a  one-stage  rocket 
weighing,  with  payload,  77  pounds  ;  it  is  approximately  2.3  meters  long  anti 
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carries  a  payload  of  roughly  12  pounds,  consisting  of  a  metallized  silk  para¬ 
chute  4.5  meters  in  diameter  and  a  radiosonde  (fig.  9) .  The  latter  is  essentially 
the  AN/AMT-4  radiosonde  which  was  modified  by  the  US  Army  Signal 
Missile  Support  Agency  to  accommodate  a  tiny  250-micron  bead  thermistor. 


Fig.  7.  Horizontal  and  vertical  track  of  chaff  as  measured  by  radar  (plotting  board  record). 

Numbers  at  left  represent  thousands  of  feet  elevation. 

which  is  aluminized  to  decrease  the  radiation  error  (fig.  10).  If  the  bead  is 
perfectly  aluminized,  the  radiation  error  at  50  km  should  not  exceed  about 
1°  C  [4,  5],  Unfortunately,  the  aluminization  is  not  always  perfect  and  there¬ 
fore  the  error  is  usually  larger,  but  should  not  exceed  5°  C. 

An  interesting  phenomenon  which  is  illustrated  in  figs.  11  and  12  occurs 
from  time  to  time  and  is  not  associated  with  the  electronic  circuitry  within 
the  sonde.  These  are  the  so-called  “spikes”  appearing  on  the  temperature 
trace.  Fig.  11  shows  the  record  of  the  bead  thermistor  in  a  balloon-borne 
sonde,  and  depicts  the  temperature  spikes  most  clearly.  As  can  be  seen,  the 
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spikes  start  from  the  base  (left  edge)  of  the  record  and  extend  out  to  higher 
temperatures.  Thus,  the  left  edge  of  the  record  is  the  correct  temperature 
(to  be  adjusted  for  radiation  and  dynamic  heating).  Personnel  of  the  US 
Army  Missile  Support  Agency  believe,  after  some  experimentation  with  the 


a  balloon  to  approximately  30  km.  The  thermistor  was  mounted  at  the  end  of  a  (iO-cm-!ong 
boom,  extending  sidewards  from  the  radiosonde. 


location  of  the  bead  thermistor,  that  the  spikes  are  caused  by  heat  llow 
coming  from  the  relatively  thin  support  wires  of  the  bead  while  the  sonde  is 
swinging.  It  is  felt,  however,  that  more  data  have  to  be  collected  for  a  con¬ 
clusive  answer.  It  should  bo  mentioned  here  that  in  the  “gamma”  sonde  the 


M 


bead  thermistor  is  installed  in  front  of  the  sonde  between  the  uppermost  two 
wires  seen  in  fig.  9. 

The  rocketsonde,  at  the  present  time,  measures  the  temperature  only ;  the. 
wind  is  determined  by  radar  tracking  of  the  metallized  parachute. 
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Fig.  12.  Temperature  records  of  a  bead  thermistor  carried  on  the  experimental  rocketsonde 
AN/DMQ-fl.  (I 'or  installation  of  thermistor,  see  fig.  27.) 

There  is  another  payload,  besides  the  rocketsonde,  which  has  been  exten¬ 
sively  tested  and  which  was  also  used  in  some  meteorological  rocket  network 
firings.  This  is  the  "Robin”  (fig.  13),  developed  under  contract  by  the  US  Air 
Force.  It  is  a  one-meter-diameter  mylar  sphere  with  a  metallized  corner 
reflector  inside.  The  balloon  is  pressurized  and  remains  inflated  down  to 
about  27  km.  While  the  wind  is  determined  by  radar  tracking,  the  density 
of  the  air  is  computed  from  the  change  of  fall  velocity. 
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4.  Results 

So  far,  roughly  700  rocket  flights  have  been  carried  out  during  the  rocket 
network  operation  since  its  initiation  in  October  1959  when  the  first  pilot 
firings  were  carried  out  at  Point  Mugu,  Fort  Churchill,  and  Fort  Greely. 

Theoretical  investigations  have  indicated  that,  in  addition  to  the  chaff  (as 
already  mentioned),  the  parachute  and  the  Robin  are  good  wind  sensors 
below  60  km,  and  in  most  cases  do  not  need  any  correction  if  a  wind-velocity 
accuracy  of  ±  5  mi/h  is  tolerated.  Simplified  computations  on  the  wind¬ 
tracking  ability  of  parachutes  have  been  carried  out  by  personnel  of  NASA, 
and  an  error  analysis  concerning  wind  and  density  as  measured  by  the 
Robin  have  been  carried  out  by  personnel  of  the  Air  Force  Cambridge 
Research  Laboratories.  The  latter  believe  that  the  density  can  be  deter¬ 
mined  to  an  accuracy  of  2  to  3  percent. 

Some  experiments  concerning  the  comparison  of  the  various  wind  sensors 
have  been  conducted.  These  tests,  in  which  the  different  wind  sensors  (chaff, 
parachute  and  Robin  balloon)  were  released  within  about  one  hour,  yielded 
that  the  difference  of  wind  values  as  measured  with  these  instruments  is 
within  the  limits  of  the  time  variability  of  the  wind  in  these  altitudes. 

This  time  variability  was  determined  from  limited  wind  measurements 
using  the  Loki  chaff  method  at  Cape  Canaveral,  Florida,  on  nine  days  during 
July  and  August  1960.  The  results  of  these  limited  data  are  shown  in  figs.  14 
and  15.  The  various  pairs  of  rockets  from  which  the  time  variability  of  the 
wind  was  determined  were  fired  within  a  time  period  of,  on  the  average, 
10  minutes  (with  20  and  60  minutes  as  the  limits).  As  can  be  seen,  the  wind 
variability  increases  with  altitude  from  about  25  to  65  km,  reaching  appro¬ 
ximately  8m/sec,  or  18  mi/h.  The  direction  variability  varies  from  5°  at 
28  km  which  is  within  the  accuracy  of  the  measuring  method  to  about  25°  at 
60  km.  Above  this  level  it  decreases  again  somewhat,  which  is  not  too  signi¬ 
ficant  in  view  of  the  limited  amount  of  data  available. 

The  changes  of  wind  speed  and  direction  over  Pt.  Mugu,  California,  in  the 
course  of  17  months  arc  illustrated  in  fig.  16  [6].  This  shows  the  summerly 
cast  and  winterly  west  wind  regimes  with  up  to  250  knots  wind  speed  at 
around  45  to  65  km.  It  shows,  furthermore,  chaotic  and  weak  winds  during 
spring  and  fall  and  a  temporary  breakdown  in  the  upper  flow  late  in  January. 

Fig.  17  shows  in  component  presentation  the  winds  of  the  months  of 
June,  July,  August,  and  September  over  White  Sands,  New  Mexico.  The 
small  N-S  components  arc  evident;  also,  the  transition  in  September  from 
the  summer  easterly  to  the  winter  westerly  regime  at  high  levels  should  be 
noted.  Below  25  km  the  summer  regime  is  still  predominant. 
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Making  extensive  use  of  the  meteorological  network  data,  Battan  [7] 
composed  a  picture  of  the  global  atmospheric  circulation  up  to  100  km  with 
time  (fig.  18)  and  space  (fig.  19)  which  shows  the  strong  westerly  jet  in 
winter  at  around  70  km,  and  a  somewhat  weaker  easterly  jet  in  summer  at 
around  55  km.  While  fig.  18  shows  an  indication  of  easterly  winds  in  mid¬ 
winter  between  about  35  and  55  km,  this  break  in  the  winterly  west  wind 


I'ig.  I -I.  Vertical  distribution  of  short  j>criod  Fig.  15.  Vertical  distribution  of  short- 
wind  speed  variability  at  Cape  Canaveral,  period  wind  direction  variability  at  Cape 
Florida,  in  summer.  Canaveral,  Florida,  in  summer. 


circulation  is  clearly  shown  in  figs.  20, 21  and  22,  which  Keegan  [8]  derived 
from  rocket  network  and  balloon  data  of  the  winters  of  1960  (figs.  20  and  21) 
and  1961  (fig.  22).  Figs.  20  and  21  demonstrate  the  similarity  between  the 
wind  patterns  at  opposite  sides  of  the  North  American  continent.  The  wind 
reversal  centered  at  30  km  in  late  January  and  early  February  dominates 
both  cross  sections.  The  greatest  measured  wind  change  occurred  in  the 
layer  between  about  30  and  10  km.  There  the  zonal  wind  changed  from 
roughly  10  to  60  m/s  West  to  10  to  30  m/s  East.  By  5  February  the  wind 
profiles  above  both  stations  had  returned  to  "normal.” 
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WIND  AND  TEMPERATURE  MEASUREMENTS 


Fig.  .10.  Plot  on  a  nonlinear  time  base  of  meteorological  rocket  winds  in  knots,  at  Point 
Mugu,  California  (according  to  J.  E.  Masterson,  et  til).  Each  llag  represents  50  knots  and  each 

half  barb  5  knots. 


In  contrast  to  1960  when  one  prolonged  disturbance  affected  the  high 
levels,  a  series  of  disturbances  occurred  in  the  winter  of  1961  (fig.  22).  On 
17  January  the  westerly  winds  reached  a  maximum  at  60  km  with  120  m/sec, 
and  easterly  winds  were  reported  as  high  as  50  km  on  the  20th.  Unfor¬ 
tunately,  data  for  the  following  days  are  missing  so  that  the  extent  and  mag¬ 
nitude  of  these  easterly  winds  could  not  be  determined.  A  second  period  of 
easterlies  occurred  early  in  February  between  35  and  55  km.  The  centers  of 
these  easterlies  in  the  winter  of  i961  were  located  at  higher  altitudes  and 
they  also  were  of  shorter  duration  than  those  of  the  previous  winter.  On  the 
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Fig.  10.  Average  zpnal  wind  components  (speed  in  m/sec)  (according  to  E.  S.  Battan). 


WALLOPS  IS 


I'ig.  20.  Zonal  wind  S|)eed  (m/s)  over  Wallops  Island,  Virginia,  during  the  winter  of  1060 

(according  to  T.  J.  Keegan). 


Fort  Churchill,  Canada,  during  August  and  November.  The  striking  features 
of  these  figures  are  that  there  is  very  little  difference  between  the  tempera¬ 
ture  profiles  over  White  Sands  of  summer  and  fall  between  25  and  50  km,  but 
that  the  difference  in  the  temperature  profiles  of  August  and  November 
over  Fort  Churchill  is  very  great.  At  around  40  km  the  difference  is  more 
than  30°  C. 
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Using  the  temperature  measurements  made  by  the  rocketsondes  and  the 
pressure  at  30  km  as  determined  by  balloon  ascents,  it  was  possible  to  draw, 
for  the  first  time,  average  1-mb  maps  for  summer  and  winter  over  the  Ameri¬ 
can  continent,  which  are  shown  in  figs.  25  and  26. 

5.  Future  plans 

While  the  US  Meteorological  Rocket  Network  is  considered  to  be  still  in 
the  research  and  development  status,  the  firings  will  become  gradually 
routine  and  the  entire  organization  will  then  probably  be  taken  over  by 
the  US  Weather  Bureau.  It  is  hoped  that  more  stations  in  the  northern 
hemisphere  and  also  in  the  southern  hemisphere  will  join  us  so  that  wc  shall 
have,  in  the  not  too  distant  future,  a  global  meteorological  rocket  network 
making  routine  or  quasi-synoptic  (considering  the  phase  of  tidal  winds) 
rocket  ascents  as  has  been  done  for  many  years  with  balloons. 

In  the  meantime,  the  improvement  of  the  present  sensors  and  the  develop¬ 
ment  of  new  sensors  are  progressing.  The  US  Army  Signal  Research  and 
Development  Laboratory,  Fort  Monmouth,  has  already  successfully  tested 
the  previously  mentioned  Rocketsonde  AN/DMQ-6.  (Fig.  27).  It  carries  in 
addition  to  a  bead  thermistor,  a  hypsometer,  shown  in  fig.  28,  which  yielded 
very  encouraging  results  in  the  few  test  flights  carried  out  so  far. 

The  AN/DMQ-6  was  developed  in  order  to  be  independent  of  the  radar 
equipment  on  the  missile  ranges.  Using  on  the  ground  the  AN/GMD-2 
system,  the  altitudes  of  the  sonde  can  be  determined  from  the  range  and 
elevation  angle.  The  AN/GMD-2  system  is  essentially  an  AN/GMD-1  system 
plus  a  range-determination  accessory. 

Also  in  the  design  status  at  the  US  Army  Signal  Research  and  Develop¬ 
ment  Laboratory  and  its  contractor  is  a  four-channel  parallel  telemetering 
rocketsonde  AN/DMQ(XE-.l)  (fig.  29).  With  this  sonde  the  sensors  do  not 
have  to  share  the  telemetering  system,  but  four  sensors  can  telemeter 
simultaneously.  A  few  sensors  considered  for  this  sonde  are  also  shown  in 
fig.  29. 

While  these  instruments  are  being  designed  to  lit  the  Areas  or  a  similar 
rocket,  small  instrument  packages  for  measuring  temperature,  density,  and 
pressure  and  fitting  the  Loki  rocket  are  also  being  developed  and  some  have 
already  been  successfully  test-flown. 

Thus,  the  instrument  designers  have  their  hands  full  in  developing  more 
and  better  sensors  to  be  flown  in  the  future  meteorological  network  rockets. 
However,  the  research  meteorologist  will  not  be  idle.  He  must  analyze  all 
the  continuously  incoming  data,  which  will  be  increasingly  better  in  quality 
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Fig.  28.  Cross  section  of  hvpsomctcr  for  the  rocketsonde  AN/DMQ-O. 


Fig.  2!».  Kocket  Radiosonde  AN'/D.MQ  (XK-I). 
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and  considerably  more  numerous.  At  the  same  time,  while  the  network  is 
sending  rockets  and  radiosondes  up  to  about  70  km,  more  and  more  on  a 
routine  basis,  he  must  look  forward  and  upward.  The  network  should  spread 
not  only  laterally,  but  also  vertically.  The  fact  that  very  interesting  pheno¬ 
mena  occur  at  the  layers  adjacent  to  the  level  covered  by  the  meteorological 
rocket  network  may  be  seen  in  figs.  30,  31,  and  32,  which  are  self-explanatory. 
Winds  of  more  than  500  mi/h  and  shears  of  the  order  of  10  _1  per  sec  have 
been  determined.  In  order  to  find  out  the  extent  of  these  phenomena,  some 
kind  of  synoptic  investigations  of  these  layers  also  will  have  to  be  carried 
out.  How  this  can  be  done  is  described  by  Professor  Blamont  in  a  subsequent 
paper  in  this  symposium. 

Much  has  been  accomplished  in  the  past  two  years  in  setting  up  the 
network.  We  are  sure  that  in  only  a  few  years  meteorologists  will  have  a 
comprehensive,  global  picture  of  the  atmosphere  from  the  ground  up  through 
the  mesosphere. 
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